Sodium benzoate(SB) and sodium salicylate(SS) were bound to sodium chondoroitin-6-sulfate(NaChs) through dipole-ion interaction and hydrogen bonding, but they were not adsorbed directly to hydroxyapatite(HAP) . N aChs was adsorbed on HAP through 2 mechanisms; one is due to electrostatic attractive force between surface Ca2+ and negatively charged group of NaChs , a nd the other owing to isomorphous substitution of sulfate group of NaChs for surface phosphate group of HAP . SB and SS non-adsorbable to HAP were adsorbed indirectly to HAP by virtue of dipole-ion interaction and hydrogen bonding with the adsorbed NaChs. NaChs captured more SB and SS on HAP than in an aqueous phase.
INTRODUCTION
Hydroxyapatite(Ca10(PO4)6(OH)2 ,HAP) is a main inorganic component of mammalian hard tissues . Chondroitin-6-sulfate(NaChs) , one of mucopolysaccharides,is present in cartilage tissues. Therefore, it is important to study the interaction between NaChs and HAP and complex formation between NaChs and proteins(such as bovine serum albumin) on the surface of HAP . These topics were already studied in the previous papers.1,2 In the present paper, complex formation between an acidic aromatic compound and NaChs on HAP is discussed .
The acidic aromatic compounds, sodium benzoate(SB) and sodium salicylate(SS) , were bound to NaChs through dipole-ion interaction . NaChs was adsorbed directlyon the surface of HAP through electrostatic attractive force and isomorphous substitution .
SB and SS non-adsorbable by HAP in an aqueous phase formed an intermolecular complex with NaChs on the surface of HAP as well as in an aqueous phase , resultingin the indirect adsorption of them on the surface . Mechanism of the complex formation in detail was discussed in the present paper .
MATERIALS AND METHODS
Materials; Hydroxyapatite(HAP) was a product of Nacalai Tesque Co . (Kyoto,Japan), of which specific surface area was 50 m2/g. Chondroitin-6-sulfate(NaChs) was a product of Kaken Pharmaceutical Co.(Tokyo,Japan). Its chemical structure is shown in Fig.1 . Sodium benzoate(SB) and sodium salicylate(SS) were purchased from Nacalai Tesque Co. They have a negative charge at neutral pHs after dissociation . 
Methods

RESULTS AND DISCUSSION
(1) Binding of SB and SS to NaChs The binding isotherm of SB and SS to NaChs is shown in Fig.2 . In the absence of NaCl, the binding amount showed negative value by a Donnan effect. In the presence of NaCl, however, Donnan effect was eliminated. It was found that SB and SS were bound to NaChs through the dipole-ion interaction between carboxylate ions of these compounds and hydroxyl groups of NaChs. Hydrogen bonding between hydroxyl groups of SS and those of NaChs accelerated the binding of SS to NaChs. Therefore, the binding amount of SS to NaChs was higher than that of SB.
The binding ratio of SB and SS to NaChs increased by virtue of an increase in ionic strength prepared with NaCl added. Added salt, NaCl, suppressed electrostatic repulsion between anions of NaChs and SB or SS but promoted the binding between them. FIGURE 1. Chemical structure of chondroitin-6-sulfate(NaChs)
On the other hand, the binding ratio of SB and SS to NaChs decreased when a concentration of NaChs increased (data not shown here) . This fact is suggesting that some repulsive force is operating between NaChs and SB or SS was strengthened with the concentration. Polymer coil of NaChs more expanded at its lower concentrations because electrostatic repulsive force between anionic groups was prevailing over the polymer chains. However polymer chains were forced to contract at its higher concentrations, because the polymer coils were too much crowded . Therefore, electrostatic repulsive force between the polymer coil and SB or SS increases while the binding ratio of SB and SS decreases with the polymer concentration .
(2) Adsorption of NaChs on HAP The adsorption amount of NaChs by HAP is shown in Fig .3 . NaChs was adsorbed to the surface of HAP through 2 mechanisms; one is electrostatic attractive fo rce between a surface calcium ion on HAP and a terminal sulfate and/or carboxyl group of N aChs, and the other is isomorphous substitution of the sulfategroupfor aphosphate ion on the surface. The size and shape are quite similar between sulfate and ph osphate groups, that is, the interatomic distance of P-O for phosphate ion is 0 .155nm while that of S-O for the terminal sulfate group 0 .149nm, and both of them are oxoacidic and hydrogen bonding between OH groups of NaChs in the same molecules (i .e., intramolecular hydrogen bonding) and in the neighboring molecules (i .e., intermolecular hydrogen bonding). Hydrogen bonding between OH group of NaChs and that of HAP should be strengthened also. According to the results shown in Fig .3 , the adsorption amounts at I M NaCl are slightly less than those at 0 .2 and 0.5M NaCl. This is probably because the size of the loop was shortened by the excess amount of NaCl added.
(3) Complex formation on the surface of HAP It was confirmed that SB and SS were not adsorbed directly on HAP. These non-adsorbable compounds, however, were adsorbed by HAP after formation of the intermolecular complexes on the surface of HAP. They were adsorbed on HAP via dipole-ion interaction and hydrogen bonding with the adsorbed NaChs. (see Fig.4) The amounts of bound SB and SS to NaChs in the presence or absence of HAP is shown in Fig.5 . SB and SS were more bound to NaChs adsorbed on HAP than that in an aqueous phase. This is because negative charges of sulfate groups of NaChs adsorbed on HAP diminished in some degree after the binding with HAP. As a result, electrostatic repulsion between NaChs and SB or SS on the surface was suppressed and, therefore, the adsorption amount increased.
The binding ratios of SB and SS to NaChs in an aqueous solution of I M NaCl shown in Fig.2 (open triangle) are quite different from those in Fig.5(closed diamond) . This is not strange but reasonable, because the polymer concentrations are quite different between the data shown in Figs.2 and 5 . The concentration effect was already discussed in the section (1) just above. (4) The effect of pollyvinylpyrrolidone(PVP) A nonionic polymer, PVP , was not adsorbed to HAP nor bound to NaChs .
However in the region of a low concentration of NaChs , the adsorption amount of NaChs on HAP increased, as shown in Fig .6 , due to the volume effect of PVP . The space where NaChs should be present was in part occupied by PVP coils and th erefore, the effective concentration or thermodynamic activity of NaChs increased . On the other hand, in a region of high concentration of NaChs , the adsorption amount of NaChs in the presence of PVP was almost the same as that in absence of PVP . This is because the adsorption amount reached the plateau of a saturation at a high concentrati on of NaChs.
The adsorption amount of NaChs on HAP was , thus, enlarged in the presence of a non-adsorbable polymer. 
